23 24 Short title: SUB mediates cell wall stress signaling 25 26 Abstract 29 Plant cells are encased in a semi-rigid cell wall of complex build. As a consequence, 30 cell wall remodeling is essential for the control of growth and development as well as 31 the regulation of abiotic and biotic stress responses. Plant cells actively sense physico-32 chemical changes in the cell wall and initiate corresponding cellular responses. 33 However, the underlying cell wall monitoring mechanisms remain poorly understood.
12 276 277 SUB attenuates isoxaben-induced cell swelling and facilitates root growth 278 recovery 279 Next, we assessed the biological relevance of SUB in the isoxaben-induced CWD 280 response. Exposure of seedlings to isoxaben eventually results in the shortening and 281 swelling of cells of the root epidermis, possibly a result of reduced microfibril 282 formation in the cell wall [28] . We transferred six days-old plate-grown seedlings into 283 a mock solution or a solution containing 600 nM isoxaben for up to seven hours. We 284 then assessed the timing of the initial appearance of altered cellular morphology of 285 root epidermal cells. In addition, we monitored the severity of the phenotype. We 286 focused on cells of the elongation zone that bordered the root meristem. Notably, we 287 did not observe any obvious morphological alterations in mock-treated wild-type or 288 mutant seedlings (Fig. 5) . In Col-0 wild-type seedlings cell shortening and swelling 289 first became noticeable during the five to six-hour interval proceeding treatment (Fig. 290 5) (44/96 seedlings total, n = 4), as reported previously [28] . Upon isoxaben 291 application to sub-9 or sub-21 seedlings, however, similar cellular alterations were 292 already detected at the three to four-hour interval post treatment initiation (sub-9: 293 23/57, n = 2; sub-21: 20/46, n = 2). In addition, sub mutants exhibited more 294 pronounced cellular alterations after seven hours of isoxaben treatment in comparison 295 to wild type ( Fig. 5 ).
296
297 In wild-type seedlings, a 24-hour exposure to isoxaben results in a temporary stop of 298 root growth followed by a rapid recovery [28] . We tested the role of SUB in root 299 growth recovery upon a 24 hour-treatment with isoxaben. Six-day-old wild-type and 300 mutant seedlings grown on plates were transferred onto media containing 600 nM 13 301 isoxaben for 24 hours, then moved to fresh plates lacking isoxaben. Seedlings were 302 then monitored for continued root growth at 24 hour intervals, for a total of 72 hours 303 ( Table 1) . As control, we used the ixr2-1 mutant, which is resistant to isoxaben due to 304 a mutation in the CESA6 gene [24, 25, 52] . We observed that 98 percent of ixr2-1 305 seedlings recovered root growth already within 24 hours, indicating that treatment did 306 not generally impact the seedlings' ability to recover root growth. We then tested 307 wild-type seedlings. We noticed that 46 percent of Ler and 39 percent of Col 308 seedlings had resumed root growth after 24 hours. By 72 hours, 86 percent of Ler and 309 90 percent of Col seedlings had recovered root growth. In contrast, a significantly 310 reduced fraction of sub-1 and sub-4 mutants had resumed root growth when compared 311 to wild-type Ler ( Table 1 ). The sub-9 and sub-21 mutants also showed reduced root 312 growth recovery in comparison to Col although sub-21 appeared less affected than 313 sub-9. Importantly, ixr2-1 sub-9 mutants behaved identical to ixr2-1 single mutants at 314 all time points scored. These findings indicate that ixr2-1 is epistatic to sub-9 and that 315 the observed isoxaben-induced decrease in root growth recovery in sub-9 mutants 316 relates to the herbicide. 317 318 Taken together, the results suggest that sub mutants are hypersensitive to isoxaben 319 treatment and that SUB facilitates root growth recovery, and represses cell size and 320 shape changes in root epidermal cells during the isoxaben-induced CWD response. 476 How does SUB relate to other known RK genes mediating the response to CBI-477 induced cell wall stress, such as THE1 and MIK2? SUB, THE1, and MIK2 all promote 478 isoxaben-induced ectopic lignin production. The three genes are also required for full 479 induction of certain stress marker genes. However, while THE1 and MIK2 control 480 FRK1 expression, and MIK2 also affects the expression of CYP81F2 [33], our data 481 indicate that SUB is not required for the induction of these two genes. In addition, 482 THE1 and MIK2 are necessary for isoxaben-induced JA accumulation [28,33,57], a 483 process that apparently does not require SUB function. We also did not observe an 484 effect of THE1 on root growth recovery upon transient exposure to isoxaben. In 485 addition, we did not find an altered hypocotyl length of sub-9 prc1-1 in comparison to 486 the1-1 indicating that SUB does not affect hypocotyl growth inhibition in etiolated 487 prc1-1 seedlings, in contrast to THE1 [32] . At the same time, our data suggest that 488 SUB contributes to root growth inhibition in prc1-1. However, our evidence does not 489 support a function for THE1 in this process, as root length of the1-1 prc1-1 double 490 mutants did not deviate from the root length observed for prc1-1 single mutants. This 491 finding also implies that the lignin accumulation in the mature root parts of prc1-1 492 (suppressed in prc1-1 the1-1 double mutants) [32] does not correlate with root growth 493 inhibition. Finally, we did not observe the left-hand root skewing in sub seedlings that 494 is characteristic for mik2 mutants [33], and we failed to observe floral defects in mik2 495 or the1 mutants. Taken together, the data suggest that SUB has both overlapping and 496 distinct functions with THE1 and MIK2. As the most parsimonious explanation of our 497 results, we propose that SUB contributes to CBI-induced cell wall damage signaling 498 independently from THE1 and MIK2 signaling, however the signaling pathways . The data presented in this study reveal that SUB and QKY both contribute to 509 CBI-induced CWD signaling. Similar to SUB QKY is required for full induction of the 510 same marker genes and for lignin accumulation. Moreover, QKY is also necessary for 511 the prevention of cell bulging in the epidermal cells of the meristem-transition zone 512 boundary of the root although the weaker phenotype of qky-11 mutants indicates a 513 lesser requirement for QKY in comparison to SUB. However, our data also indicate 514 that QKY is not required for early ROS accumulation, ectopic callose accumulation, 515 and root growth recovery as we found these three processes to be not noticeably 516 affected in qky mutants. Thus, these data provide genetic evidence that the functions 517 of SUB and QKY do not completely overlap and that SUB exerts CWD signaling 518 functions that are independent of QKY. One way to rationalize these findings is to 519 assume that SUB can also function in isolation or in protein complexes or pathways 520 that do not involve QKY. 
